Mungbean sprout rot is one of the most serious problems of the commercial mungbean sprout industry. In this study, 70 strains of mungbean sprout rot pathogens were isolated from rotten sprouts at different time intervals. The pathogenicity of the isolated pathogens was tested. The highly pathogenic strain (YV-St-033) was identified as Pseudomonas sp. by 16S rRNA gene sequencing. In phylogenetic analysis, the YV-St-033 strain was grouped with P. mosselii, P. putita, P. fluorescens, P. entomophila, and P. lecoglossicida. The results of the 16S rRNA gene sequence analysis revealed that the YV-St-033 strain shared the highest sequence identity (more than 99%) with the P. mosselii R10 strain. The mungbean lines of Yeungnam University germplasm were screened against the YV-St-033 strain. Based on the growth rate of the sprouts after 3 days of inoculation with the pathogen, the YV148 line was highly resistant to the pathogen. The remaining lines were either partially or fully infected. The highly resistant line YV 148 is suitable for future breeding programs due to their thin sprouts and fast growing nature.
Introduction
Mungbean sprout is one of the most popular vegetables. Mungbean sprout is also used as stuffing in the production of dumpling (mandoo) and as raw ingredient in the manufacture of Woodong (Chinese noodle) flakes. Mungbean protein is easily digested without flatulence. It is an important protein source for people in the cereal-based society. Since it shows a better quality compared to other sprouts, its consumption is expected to increase domestically and abroad as well. However, mungbean sprout is highly prone to decay and food sanitation is a major limiting factor for mass production up to consumption [8] . Mungbean sprout rot is one of the most serious problems of the commercial mungbean sprout industry. However, its causal agent has not been well understood yet. So far, only few experiments were carried out to prevent the rotting of mungbean sprouts at industrial level. Lee et al., [8] suggested a heat treatment technique for controlling of mungbean sprout rot. Han and Lee [3] identified Colletotrichum truncatum and C. gloeosporioides from mungbean plants for the first time in Korea. They also found that seed infestation rate was higher for C. truncatum, but lower for C. gloeosporioides. Previously, Kim et al., [5] identified C. acutatum from mungbean sprout rot samples on market.
Comparatively, large number of researches was done on soybean sprouts like soybean rot caused by Pseudomonas putida [9] , Erwinia carotova [10] and Pseudomonas syringae [4] .
At industrial level severe sprout rot was reported during summer [12] . Lim et al [9] isolated Pseudomonas putida strain from rotten soybean sprouts. Differently expressed genes induced by Pseudomonas strain was observed in the resistant soybean sprout [4] . Considering the importance of mungbean sprouts, there is a need for understanding the characteristics of the causative pathogen and developing mungbean sprout-rot resistance variety.
Materials and Methods
The pathogen isolation, identification, and resistance screening were followed from previous Kang model [4] . For a period of one year rotten mungbean sprouts were collected from local markets and restaurants around Gyeongsan area in South Korea. From these rotten sprouts seventy strains of sprout rot pathogens were isolated under laboratory conditions. The isolated strains were cultured in NB broth spectrophotometer. Mungbean seed purchased from local market was used for the preliminary screening of pathogen strains. The surface-sterilized local mungbean cultivar was germinated in petridish at 26 o C in the dark for 2 days. Seedlings were imbibed for 2 hours in NB medium with 5×10 8 cfu/ml of pathogen strains and then washed with sterilized water. The inoculated sprouts were observed for rotting symptoms for a period of 3 days after infection with the pathogen strains. Three replications were made and the average hypocotyledon length of inoculated and non-inoculated sprouts was then calculated [4] . The same procedure was repeated three times and the pathogenicity level based on visibility of rotten symptoms and growth ratio were observed. Then one highly pathogenic strain (YV-St-033) was selected for further analysis. The highly pathogenic strain was then screened against forty eight geographically different mungbean lines obtained from Yeungnam University germplasm bank, by following the same inoculation techniques.
Data analysis
16S ribosomal RNA gene sequencing was conducted by Solgent Co., Ltd., South Korea using single colony PCR to identify the taxonomical position of the YV-St-033 strain. The sequences were analyzed using the Classifier of Ribosomal Database Project (RDP) on the website (http://rdp.cme.msu.edu). Homology comparison of the complete 16S rRNA gene sequence of YV-St-033 was performed by running it through the BLAST database on NCBI (http://www.ncbi.nlm.nih.gov/). The phylogenetic tree was inferred using the MEGA 4.0 software package [11] .
Results and Discussion
YV-St-033's taxonomic status could be determined directly to be as follows: Bacteria (domain), Proteobacterria (phylum), Grammaproteobacteria (class), Pseudomonadales (order), Pseudomonadaceae (family), and Pseudomonas (genus).
On the item of SeqMatch, the S_ab score, which indicates the extent of similarity between the 16S rRNA gene of YV-St-033 with that of 20 sequences of identical strains from the RDP database (Table 1) . YV-St-033 was considered to have highest sequence similarity with those Pseudomonas strains for which S_ab scores were between 0.991 and 0.980. By using the MEGA4 software, a phylogenetic tree ( Fig.  1) was obtained from the nucleotide sequence alignment of isolated strain and its sequence identities. From the phylogenetic tree analysis, the isolated strain was found between P. mosselii and P.putida strains. This shows that the pathogenicity of Pseudomonas species on mungbean sprouts.
According to the bacterial taxonomists, strains with 16S rRNA gene sequence homology higher than 99% can be identified as the same species. And, if the species have less than 98% sequence homology, they are different species that belong to the same genus. Less than 95% sequence homology implies that the species belong to different genera [1, 2, 3] . Therefore, the isolated strain (YV-St-033) was confirmed to be Pseudomonas mosselii R10 strain with the highest S_ab score of 0.991 and gene sequence homology compared to other strains. To the best of our knowledge, this is the first report of Pseudomonas mosselii rot in mungbean sprouts.
Pathogenicity test
In order to identify the resistant mungbean lines, 3 days old sprouts from 48 mungbean germplasm lines were examined against the isolated Pseudomonas mosselii R10 strain [9] .
The hypocotyl growth rate of pathogen inoculated sprout ranged from 1.4 to 10.1. Most of the screened samples were susceptible to the pathogen and the low growth rate was observed where the rotten symptoms were visible. The growth rate of the most accessions ranged between 1.4 to 5, mostly below 2. However, the accession number YV 148 whose growth rate above 10 was found without any visible rotten symptom. The effect of pathogen on 4 different mungbean lines was shown (Fig. 2) . The growth rate of inoculated and non-inoculated YV174, YV232, YV339 and YV 148 thin sprouts and fast growing nature when compared to other accessions. The small seeds and thin sprouts were preferred by industrial sprout producers. It is generally accepted that sprout yield is greater when smaller seeds are germinated [7] . This research suggests the line YV148 is highly suitable for future pathogen screening process and industrial sprout production because of its unique slim sprouts, fast growing nature and sprout-rot resistance. For sprout production Kwon et al., [6] suggested that less seed weight is a desirable character. Thus, the line YV148 with lesser seed weight can be effectively utilized for industrial sprout productions.
